2 

require an atmosphere which is free from oxygen or which has 
a low content of oxygen. 



These different systems have one disadvantage in common, 
5 which is connected with the fact that the indicating and/or 
absorbing reagent is susceptible to migration phenomena, 
which can be very disruptive, in particular in the context of 
applications which are connected with the food or 
pharmaceutical industry. 

10 

In this context, the object of the present invention is to 
provide a reactive oxygen-detecting and/or -absorbing 
compound in which the indicating reagent is connected in an 
irreversible manner to a solid support so that it does not 
15 risk being exposed to migration phenomena, and which can 
further be obtained from non-toxic products which are 
commercially available. 

This reactive compound is characterised in that it is 
20 constituted by a molecular complex which comprises a metal 
derivative/ligand which changes colour in accordance with the 
extent of oxidation of the metal and which is connected to 
the surface of a solid support by means of a covalent bond. 

25 Owing to the fact that the active molecules of the reactive 
compound according to the invention are fixed to a support, 
thus constituting a hybrid material, they cannot migrate by 
means of contact into another substance. 

30 According to the invention, the molecular complex is 
preferably connected to the surface of the support by means 
of a derivative of an organic linking chain. 
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A chain of this type comprises, on the one hand, a first 
function or grafting function which allows it to be fixed to 
the support and, on the other hand, a second function, or co- 
ordination function, which is suitable for bringing about 
5 coupling with an associated molecular condensation entity in 
order to form the ligand which allows the complexing of the 
metal derivative. 

The appended drawing is a schematic illustration of the 
10 configuration of the reactive compound according to the 
invention and its colour change following a chemical reaction 
of the metal derivative which it contains with oxygen. 

A reactive compound of this type is constituted by a complex 
15 which comprises a metal derivative 1/ligand 2 and which is 

connected to the surface of a support 3 by means of a 
derivative of an organic linking chain 4 which constitutes a 
branch which allows the functional portion 1, 2 of the 
reactive compound to be fixed to the support 3. 

20 

The reactive compound according to the invention is therefore 
constituted by an organic molecular complex which is 
sensitive to oxygen and which is fixed in a secure manner by 
means of covalent chemical bonds to the surface of a support 
25 which retains its mechanical properties but which takes on 
the colour of this complex, this colour being changed when it 
is exposed to an atmosphere which contains oxygen. 

The rate of this colour change depends on the temperature and 
30 the partial pressure in terms of oxygen and the degree of 
humidity of the atmosphere in question. 
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Used alone or in combination with other oxygen-absorbing 
agents, this reactive compound allows the presence of oxygen 
to be detected and the oxygen present in a chamber to be 
absorbed . 

5 

According to the invention, the ligand may advantageously 
comprise a heteroatomic chain which may or may not be 
substituted and which comprises two conjugated imine 
functional groups and in which at least two atoms of nitrogen, 
10 one of which belongs to a pyridine core or the like, are 
separated by two atoms of carbon. 

According to the invention, a core similar to a pyridine core 
may be, for example, a substituted pyridine core or a 
15 polycyclical system which contains at least one pyridine core. 

According to a preferred feature of the invention, the co- 
ordination function of the organic linking chain is an amine 
function, in particular a primary amine function. 

20 

The molecular condensation entity may itself advantageously 
be constituted by 2-pyridine carboxaldehyde, 2-pyridine 
carboxylic acid or the chloride thereof. 

25 According to this feature, the ligand is therefore 
constituted by a compound which results from the condensation 
of 2-pyridine carboxaldehyde, or 2-pyridine carboxylic acid 
or the chloride thereof, with the amine function of the 
organic linking chain. 

30 

A condensation of this type may lead to the formation of 
nitrogenous bidentate, tridentate or tetradentate ligands 



5 

which are capable of complexing a number of transition metals 

and their derivatives . 

Complexes of this type may, in the presence of oxygen, take 
5 on an intense colour which is characteristic of the extent of 
oxidation of the metal. 

According to the invention, the metal derivative must be 
selected in such a manner that, at the centre thereof, the 
10 metal has a low level of oxidation and is therefore capable 
of reacting with oxygen. 

By way of example, this metal derivative may advantageously 
be selected from the group formed by CuCl, [Cu(CH3CN)4] [PFe] , 
15 AgNOs, and FeS04. 

In the metal derivative [Cu (CH3CN) 4] [PFg] , the counter-anion 
PFs may be replaced by any other weakly co-ordinating 
counter-anion, such as BF4 or CF3OSO2 . 

20 

According to a first variant of the invention, the support is 
an organic polymer support such as polystyrene balls or a co- 
polymer based on polystyrene, and the grafting function of 
the organic linking chain is an alkene function. 

25 

By way of example, the reactions below constitute three 
examples for preparing ligands LI, L2, L3 based on organic 
linking chains which are commercially available and which 
comprise, on the one hand, an alkene function which allows 
30 them to be fixed to an organic polymer support by means of 
co-polymerisation and, on the other hand, a primary amine 
function which is capable of reacting by means of 
condensation with 2-pyridine carboxaldehyde or 2-pyridine 
carboxylic acid. 



6 



The molecular complexes which are obtained after the ligand 
has reacted with a derivative of a transition metal have a 
strip for intense metal/ligand absorption in the visible 
range. The colour of this strip is often characteristic of 
5 the extent of oxidation of the metal. 



Furthermore, balls of functional polystyrene which have one 
10 or more primary amine functions and/or one or more secondary 
amine functions and which are commercially available may 
constitute a support which is simple to use. 

According to a second variant of the invention, the support 
15 is a mineral support, such as balls of a mineral glass, and 
the grafting function of the organic linking chain is a 
trialkoxysilane function, in particular a trimethoxysilane 
function . 

20 The support is preferably constituted by an activated metal 
oxide, such as Ti02, Zr02 or preferably Si02 or AI2O3 which 
constitute inexpensive oxides which are completely non-toxic 




L1 



L2 
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and which are also commercially available in a wide range of 

qualities . 

A support of this type may advantageously be in the form of 
5 glass-like balls which may have different granulometries 9, 
by way of example, 60 < 0 < 200 ]im or 200 < 0 < 500 ]im. 

According to this variant of the invention, the organic 
linking chain may itself advantageously be selected from the 
10 group formed by 3-aminopropyltrimethoxysilane, N-[3- 
(trimethoxysilyl) propyl] ethylenediamine and 3-(2-(2- 

amino) ethylamino] propyl-trimethoxysilane . 

The invention also relates to a method for preparing a 
15 reactive compound of the type mentioned above which is 
connected to the surface of a mineral support. 

According to the invention, a method of this type is 
characterised in that it comprises the following steps: 
20 - activating the support by means of immersion in an acid 
solution, washing operations, then air-drying, 

- grafting the organic linking chain to the activated support 
by means of immersion in ethanol at ambient temperature, 

- synthesis of the ligand in situ by adding the molecular 
25 condensation entity to the organic chain previously 

grafted to the support which may or may not have been 
activated at ambient temperature and in an ethanol medium, 
and 

- co-ordinating the metal derivative on the ligand or 
30 metallisation by means of immersion in a solution of 

ethanol at ambient temperature in an inert atmosphere. 
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It should be noted that the steps for grafting the organic 
linking chain to the activated support and for synthesis of 
the ligand in situ are inseparable and can be carried out in 
one sequence or the other, which means that the activated 
5 support can be introduced into the reaction medium before or 
after the molecular condensation entity. 

The method according to the invention has the advantage of 
being able to be carried out in air, with the exception of 
10 the final step of metallisation which requires an inert 
atmosphere, although the reactive compound which is 
ultimately obtained is intended to react with oxygen. 

In the embodiment in which the support is constituted by 
15 balls of silica and the organic chain by 3-aminopropyl 

trimethoxysilane , the grafting of the organic linking chain 
on the activated support and the synthesis of the ligand in 
situ may be illustrated as below: 



SiOa 



H2N^^Si(OCH3)3 EtOH.20' 




BOH, 20 °C 
sonication 30 min 



The method according to the invention thus allows an Si-1 
chain to be obtained which is grafted to the support, then, 
after addition of 2-pyridine carboxaldehyde and agitation 
using an ultrasound bath (sonication), an Si-2 compound to be 
obtained which is constituted by the ligand which is grafted 



to the activated support by means of a derivative of the 
organic chain. 

In the case of a metal derivative MLn, the final step of 
metallisation may itself be illustrated as below: 



MLn /V^N^^Si4- 

► I I \_ 

EtOH,20°C k^N-ML„.2 " 

Immersion, 15 min 
Argon 

The Si-3 and Si-4 compounds illustrated below correspond to 
other examples of structures of grafted complexes according 
to the invention which are obtained from organic chains which 
are constituted by N- [ 3- (trimethoxysilyl) propyl] - 

ethylenediamine or 3- [2- (2-amino) ethylamino] propyl- 

trimethoxysilane . 




Si-4 

The various steps of the method according to the invention 
will be illustrated in greater detail by the following 
examples : 
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Example 1 : Activation of the support 

50g (0.238 mole) of ammonium persulfate are gradually 
introduced into an Erlenmeyer flask containing one litre of 
ION sulphuric acid, with magnetic agitation. After cooling to 
5 20 °C, this solution is poured into a beaker containing 250g 
of silica. After homogenisation, the silica is allowed to 
immerse for one hour. After Buechner filtration, the silica 
is rinsed 5 times with 100 ml of water and then 5 times with 
100 ml of distilled water. 

[0 

The silica which has been activated in this manner is dried 
in a vacuum at 20 °C for a minimum of 30 minutes, then at 
120 °C in an oven for a minimum of three hours. 



15 Example 2: Grafting reaction: preparation of Si-2 

In a beaker, 3-aminopropyltrimethoxysilane (186.5 1 mmole) 

is dissolved in an excess of ethanol (30 ml), then Ig of 
activated fine silica is introduced directly into the 
reaction medium. The solution is left to rest at 20°C for one 
20 hour. An equivalent of 2-pyridine carboxaldehyde (96.5 

1 mmole) is then added to the solution and the reaction 
admixture is agitated using an ultrasound bath for 30 minutes. 



Finally, the support is recovered by means of Buechner 
25 filtration and rinsed in ethanol (3 times 20 ml) then in 
ether (3 times 20 ml) . The grafted silica is allowed to dry 
in a vacuum for 15 minutes at 20°C. Graft ratio: 0.82 mmole/g. 

Example 3: Grafting reaction: preparation of Si-2 

30 In a beaker, 2-pyridine carboxaldehyde (96.5 1 mmole) is 

dissolved in ethanol (30 ml) , then an equivalent of 3-amino- 
5-pyridinetrimethoxysilane (136.5 1 mmole) is added to 

the solution and the reaction admixture is left in a state of 
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agitation for 30 minutes. The support is then introduced 
directly into the reaction medium. Two techniques are then 
used: 

^ either the mixture is left to rest for 18 hours at 20°C 
5 (immersion method) , 

=> or the mixture is agitated using an ultrasound bath for 
30 minutes at 20°C. 

After grafting, the support is filtered, rinsed in ethanol, 
10 (3 times 20 ml) then in ether (3 times 20 ml) . It is finally 
dried in the open air for 30 minutes. It should be noted that 
the balls which are initially white take on a yellowish 
colour after grafting, which is characteristic of imine. 
Graft ratio: 0.79 mmole/g. 

15 

Example 4 : Metallisation reaction of Si-2 

In a Schlenck tube, at 20°C, the grafted ligand (1 g) is 
suspended in deaerated ethanol (30 ml), then CuCl (99 mg, 
1 mmole) is introduced with a current of argon. The admixture 
20 is kept in a state of magnetic agitation for 15 minutes. 
After filtering and washing in ethanol, (3 times 10 ml), the 
support is isolated and dried in a vacuum (2h 30 min, 20°C) 
then conditioned in an inert atmosphere. Metallisation ratio: 
0.7 6 mmole/g. 

25 

Example 5 : Metallisation reaction of Si-2 

In a Schlenck tube, at 20°C, the grafted ligand (0.200 g) is 
suspended in deaerated ethanol (10 ml), then [Cu (CH3CN) 4] [PFe] 
(0.074 g, 0.2 mmole) is introduced with a current of argon. 
30 The admixture is kept in a state of magnetic agitation for 
15 minutes. After filtering and washing in ethanol, (3 times 
10 ml), the support is isolated and dried in a vacuum 
(2h 30 min, 20°C) then conditioned in an inert atmosphere. 
Metallisation ratio: 0.80 mmole/g. 
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Example 6 : Metallisation reaction of Si-2 

In a Schlenck tube, at 20°C, the grafted ligand (0.200 g) is 
suspended in an admixture of water/deaerated ethanol (50:50, 
20 ml), then FeSo4 (0.056g, 0.2 mmole) is introduced with a 
5 current of argon. The admixture is kept in a state of 
magnetic agitation for 15 minutes. After filtering and 
washing in ethanol (3 times 20 ml), the support is isolated 
and dried in a vacuum (2h 30 min, 20°C) then conditioned in 
an inert atmosphere. Metallisation ratio: undetermined. 

10 

Example 7 : Metallisation reaction of Si-2 

In a Schlenck tube, at 20°C, the grafted ligand (0.200 g) is 
suspended in deaerated ethanol (20 ml), then AgNOs (0.339g, 
0.2 mmole) is introduced with a current of argon. The 
15 admixture is kept in a state of magnetic agitation for 
15 minutes. After filtering and washing in ethanol (3 times 
20 ml), the support is isolated and dried in a vacuum 
(2h 30 min, 20°C) , then conditioned in an inert atmosphere. 
Metallisation ratio: undetermined. 

20 

Example 8: Grafting reaction: preparation of Si-3 

In a beaker, at ambient temperature, 1.85 ml of N-(3- 
(trimethylsilyl) -propyl) ethylenediamine is dissolved in an 
excess of ethanol (approximately 150 ml) then lOg of silica 

25 activated with the admixture are left to rest for one hour. 
1 ml of 2-pyridine carboxylaldehyde is added to the solution 
and the reaction admixture is agitated using an ultrasound 
bath for 30 minutes. Finally, the support is isolated by 
means of Buechner filtration and rinsed in ethanol (3 times 

30 20 ml), then in ether (3 times 20 ml). The grafted silica is 
dried in a vacuum for 15 minutes at 20°C. Graft ratio: 
0.65 mmole/g. 
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Example 9: Grafting reaction: preparation of Si-4 

1.85 ml of 3- [2- (2-aminoethylamino) ethylamino] propyl- 

trimethoxysilane, 150 ml of ethanol and lOg of activated 
silica are successively introduced into a beaker at 20°C. The 
5 admixture is left to rest for one hour. 1 ml of 2-pyridine 
carboxylaldehyde is then added to the solution and the 
reaction admixture is agitated using an ultrasound bath for 
30 minutes. Finally, the support is recovered by means of 
Buechner filtration and rinsed in ethanol (3 times 20 ml), 
10 then in ether (3 times 20 ml) . The grafted silica is dried in 
a vacuum for 15 minutes at 20°C. Grafting ratio: 0.60 mmole/g, 

Example 10 : Metallisation reaction of Si-3 

In a Schlenck tube, at 20°C, the grafted ligand (Ig) is 
15 suspended in deaerated ethanol (30 ml), then CuCl (0.100 g) 
is introduced with a current of argon. The admixture is kept 
in a state of magnetic agitation for 15 minutes. After 
filtering and washing in ethanol (3 times 10 ml) , the support 
is isolated then dried in a vacuum (2h 30 min, 20°C) . 
20 Metallisation ratio: 0.80 mmole/g. 

Example 11 : Metallisation reaction of Si-3 

In a Schlenck tube, at 20°C, the grafted ligand (1 g) is 
suspended in deaerated acetone (10 ml), then 0.373 g of 
25 [Cu (CH3CN) 4] [PFe] are introduced with a current of argon. The 
admixture is kept in a state of magnetic agitation for 
15 minutes. After filtering and washing in ethanol (3 times 
10 ml), the support is isolated and dried in a vacuum 
(2h 30 min, 20°C) . Metallisation ratio: 0.68 mmole/g. 

30 

Example 12 : Metallisation reaction of Si-4 

In a Schlenck tube, at 20°C, the grafted ligand (1 g) is 
suspended in deaerated ethanol (30 ml), then CuCl (0.100 g) 
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is introduced with a current of argon. The admixture is kept 
in a state of magnetic agitation for 15 minutes. After 
filtering and washing in ethanol (3 times 10 ml), the support 
is isolated and dried in a vacuum (2h 30 min, 20°C) then 
5 conditioned in an inert atmosphere. Metallisation ratio: 
0.80 mmole/g. 

Example 13: Metallisation reaction of Si-4 

In a Schlenck tube, at 20°C, the grafted ligand (1 g) is 
10 suspended in deaerated acetone (10 ml), then 0.373 g of 
[Cu (CH3CN) 4] [PFe] are introduced with a current of argon. The 
admixture is kept in a state of magnetic agitation for 
15 minutes. After filtering and washing in ethanol (3 times 
10 ml), the support is isolated and dried in a vacuum 
15 (2h 30 min, 20°C) . Metallisation ratio: 0.70 mmole/g. 

The present invention also relates to an oxygen-detecting 
and/or -absorbing device which comprises a reactive compound 
of the above-mentioned type. 

20 

A device of this type may have various configurations without 
thereby departing from the scope of the invention and may, 
for example, be constituted by a printing ink in which the 
reactive compound is incorporated; it is thus possible to 
25 obtain oxychromic inks which change colour in contact with 
oxygen . 

Inks of this type are suitable for being used in particular 
in the context of marketing or education. 

30 

This device may also be in the form of agents for absorbing 
oxygen or for indicating the presence of oxygen in which the 
reactive compound may be bonded to a support by means of an 
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adhesive, or a binding agent having a controlled melting 
temperature (hot melt), or dispersed in a polymer then 
extruded, or integrated in a sachet, in porous systems or 
between films which are permeable to oxygen so as to be in 
5 the form of a label. 

This device may also be in the form of packaging sheets which 
change colour when they are placed in contact with an 
atmosphere which contains gaseous oxygen. 



